S
ainfoin is a species of the Fabaceae family that has been planted in western Asia, southern Europe and North America for many years. It is a perennial cross-pollinated plant that is almost free from serious pest and disease problems compared with other legumes. It is non-bloat-inducing, highly nutritive and palatable. Sainfoin is compatible with poor soils and dry regions with the ability to improve soil fertility by fixing the atmospheric nitrogen (Delgado et al., 2008; Frame, 2005; Goplen et al., 1991) .
Breeding goals for sainfoin mainly focus on forage yield improvement, tolerance to abiotic and biotic stresses, and nutritive value enhancement. Most of these characters show continuous variation in heterogeneous populations of forage plants and are influenced by environmental factors (Bukvic al., 2008) . Therefore, information on genetic variance, heritability, and gene action of ) estimates for agro-morphological traits ranged from 0.42 (leaf to stem ratio) to 0.95 (flowering date). The highest and lowest h 2 pFM among physiological traits were estimated for carotenoid content (0.50) and rWC (0.83), respectively. Moderate to high heritability for most traits showed the contribution of additive genetic effects suggesting phenotypic selection could be successful. The best agromorphological and physiological traits (such as plant height, plant density, dry matter yield, and rWC) under water deficit belonged to families 16 and 27. Dry matter yield had significant and positive correlation with plant height and plant density indicating indirect selection would also be effective to improve forage yield. principal component analysis separated polycross and open-pollinated families into distinct groups. open-pollinated families had higher mean values and general combining ability for most of the traits while polycross families had higher heritability and genetic gain from selection. This may indicate a more effective selection and a higher genetic advance in polycross families. different traits are important for population improvement and creation of new varieties (Bowley and Christie, 1981) . Half-sib (HS) families, including polycross, topcross, and open pollination are frequently used in forage plants breeding to estimate narrow-sense heritability and additive genetic variance (Nguyen and Sleper, 1983a) . Traits under complex genetic control, such as forage yield, have low to moderate heritability while others, such as plant height, have high heritability (Amini et al., 2013; Araghi et al., 2014; Majidi et al., 2009 ). De Araujo et al. (2002 report that there is significant variation and moderate heritability for most traits in meadow bromegrass (Bromus riparius Rehm.) populations. They showed significant differences in dry matter yield between the parental populations and progenies obtained by different pollination methods (polycross, open pollination, and selfing) and reported that open-pollinated progeny test is the best method of choice for selecting parents for synthetics of meadow bromegrass. In addition, Milic et al. (2010) compared differences between progeny tests (polycross, open pollination, and selfing) and reported that open-pollinated progenies had a higher mean of green forage yield and number of shoots per plant than progenies from selfing.
Half-Sib Matting and Genetic Analysis of
Drought stress is the most frequent limiting factor for plant productivity and alters morphological, physiological, biochemical, and metabolic aspects of plants. Therefore, genetic improvement of plants for drought stress has become increasingly important (Boyer, 1982; Lawlor and Cornic, 2002; Smirnoff, 1998; ) . Plants usually use different stress defense mechanisms such as developing root systems, changes in the photosynthetic pigments, antioxidant levels, and accumulation of compatible osmolytes, such as proline. The effects of drought stress on chlorophyll and carotenoid content have been investigated in many plant species (Antolin and Sanchez-Diaz, 1993; Keyvan, 2010) . Many researchers have shown that drought-resistant genotypes have higher RWC than drought-sensitive ones and RWC is widely used as an index to identify resistant genotypes under water stress (Keyvan, 2010; Xu et al., 2010) . Higher RWC under water stress could be related to the higher capacity of resistant genotypes to absorb soil water or prevent water loss through stomata (Keyvan, 2010) . Proline, which increases faster than other amino acids in plants under water stress, has been suggested as a parameter for selecting drought-resistant varieties (Bukvic et al., 2008; Keyvan, 2010) . Several studies have shown that the activity of antioxidant enzymes and osmotic adjustment ability are correlated with plant tolerance to drought (reviewed in Miller et al.,2010 and Xu et al., 2010) .
In sainfoin, knowledge about genetic analysis of agromorphological and physiological traits and their association with forage production under water deficit is limited. The objectives of this study were to (i) assess genetic diversity and estimate narrow-sense heritability, general combining ability, and expected genetic gain for forage yield and morphological and physiological traits, (ii) compare polycross and open-pollinated HS families in estimation of genetic parameters, and (iii) asses the association of morphological and physiological traits in HS families of sainfoin under nonstressed and water-deficit conditions.
MATERIAl ANd METHodS

Experimental Site
The experiment was conducted on a Typic Haplargid, silty clay loam soil at Isfahan University of Technology Research Farm, 32° 30¢ N, 51° 20¢ E, Isfahan, Iran during 2008 to 2012. The soil was calcareous, containing 390 g kg -1 Ca-carbonate equivalent, 5.0 g kg -1 organic C, and 0.77 g kg -1 total N, with pH 8.3. The soil was nonsaline and nonsodic. The electrical conductivity and the sodium adsorption ratio of the soilsaturated extract were 1.6 dS m -1 and 1.4 (mmoll -1 ) 0.5 , respectively. The mean annual temperature and precipitation were 14.5°C and 140 mm. Plots were fertilized with 200 kg N ha -1 and 200 kg P ha -1 before planting and 100 kg N ha -1 was applied to the trial each September. 
Plant Material
Evaluation of Half-Sib Families
Seeds from the 30 HS families were planted in the field under nonstressed and water-deficit conditions in a randomized complete block design with three replications in March 2010.
Seeding rate was 30 kg h -1
. Each plot contained four rows of each HS family, 40 cm apart.
Total available soil water (TAW) is defined as amount of the soil water in the root zone between field capacity and the permanent wilting point and was calculated on the basis of the Allen et al. (1998) ), the value of r was recommended to be 0.55 for alfalfa (Medicago sativa L.) and was used for sainfoin in this study. The fraction r is a function of the evaporation power of the atmosphere as follows:
( ) 
where W Irrig is the soil water content before irrigation by weight (%) and r is the fraction of TAW (40 and 80%) that can be depleted from the root zone. The irrigation depth (I n ) with the goal of increasing the water content in the root zone depth to field capacity was calculated as (Keller and Bliesner, 1990) :
where I g is the gross depth of irrigation (mm) and E a is the irrigation efficiency (%) assumed as 65% during the growing season (Tafteh and Sepaskhah, 2012) . In interval periods, all experimental plots were irrigated when 40% of TAW was depleted. No data was recorded for plant establishment in the first year (2010). Water deficit was applied during the growing season from 1 May to 1 October in 2011 and 2012 and data were recorded. Dry matter yield at four cuts plus eight physiological traits at the first and second cut were measured during 2011 and 2012. These included flowering date (FD), plant height (PH), inflorescence length (IL), plant density (PD), number of flowering stems per plant (NFS), number of nodes per shoot, sensitivity to powdery mildew (SPM), and leaf to stem ratio (LSR) were measured and analyzed on the basis of average of four cuts. Days to 50% flowering were recorded as the number of days from 21 March until appearance of 50% of inflorescence in each plot for first cut and number of days from previous cut to appearance of 50% of inflorescence in each plot for the next cuts. Inflorescence length was measured on the basis of average length from first node to the tip of randomly chosen inflorescence of each plant. Plant height was measured as the distance from the plant base to the top of the highest inflorescence. Sensitivity to powdery mildew where W FCi is the gravimetric soil-water content (%) at field capacity, W WPi the gravimetric soil-water content (%) at the permanent wilting point, Bd i the bulk density of the soil (g cm ), i the layer counter, and m the number of layers in the root zone. The fraction TAW that a crop can readily extract at its potential rate from the root zone without suffering water stress is referred to as the readily available soil water (RAW) and was calculated following the Allen et al. (1998) ) (Allen et al., 1998) . The factor r was used to estimate the required time was measured on the basis of the leaf area covered with mildew using 0 to 9 scaling. For each plot, 20 plants were randomly selected for trait measurement. All of the traits were measured at the 50% flowering stage (for each family separately) and then forage was harvested by hand cutting of plants at approximately 5 cm above the ground. To determine dry matter yield (DMY), fresh samples were dried at 72°C for 48h. Dry matter yield was separately calculated in four cuts. Physiological traits were determined on the basis of the first two cuts of each year. Chlorophyll a, b, a+b, and carotenoid content were measured according to the method of Lichtenthaler and Wellburn (1983) . For each sample, 0.33 g of fresh leaf tissue was ground in 10 mL of acetone (80%) until a homogenized mixture was obtained. The absorption of leaf extract solution was read at 663 and 646 nm (for chlorophyll a and b) and at 470 nm (for carotenoid) by HITACHI U1800 spectrophotometer. Leaf RWC was estimated using the method of Turner (1981) as below:
fresh weight dry weight / RWC 100 urgid weight dry weight t
For this, leaf fresh weights were measured immediately after cutting. For determining leaf turgid weights, leaves were floated in distilled water in test tubes for 16 to 18 h at room temperature. Dry weights were measured after drying the leaf samples in oven for 48 h at 70°C.
Free proline content in the leaves was measured following Bates et al. (1973) method. For this purpose, 0.5 g of fresh leaves was ground in 10 mL of 3% aqueous sulphosalycylic acid and the extract was filtered. Two mL of the extract was added in the test tube with 2 mL of ninhydrin reagent and 2 mL of glacial acetic acid. The reaction blend was boiled in water bath at 100°C for 1 h. After cooling the mixture on ice, 4 mL of toluene was added and thoroughly mixed. The toluene phase was separated and its absorbance measured at 520 nm using a HITACHI U1800 spectrophotometer against toluene blank. For enzyme measurements, 0.5 g of leaf was extracted with extraction buffer containing 1% polyvinylpyrrolidone and 0.5% Triton X-100 in 100 mM potassium phosphate buffer (pH = 7). After centrifuging at 15,000 rpm for 20 min at 4°C, the supernatant was used to assay antioxidant enzymes following Nakano and Asada (1981) and Aebi (1983) methods for ascorbate peroxidase (APX) and catalase (CAT) activity at 265 and 240 nm, respectively.
Genetic and Statistical Analysis
Analysis of Variance, Heritability and Genetic Gain
Analysis of variance was done to determine differences among the families and to estimate variance components, using the general linear model (GLM) with moisture environment as fixed effect and family and year as random effects in SAS software (SAS Institute, 1999) . Variance components and expected mean squares for all traits were computed according to Nguyen and Sleper (1983a) . Mean separation was done using LSD test at p-values < 0.05 (Steel and Torrie, 1960) .
With noninbred parents from a random mating population, the genetic variance among HS families would be ( ) where c and k are parental control factor (c = 1/2) and standardized selection differential (k = 1.4 for 20% selection), respectively (Nguyen and Sleper, 1983a) .
General Combining Ability, Genetic Coefficient of Variation, and Association of Traits
General combining ability was calculated as the deviation of each HS family from total families mean as defined by Wricke and Weber (1986) . The genotypic coefficient of variation (GCV) was calculated as:
where s g is the standard deviation of the genotypic variance. The phenotypic correlation between two traits was calculated as described by Falconer and Mackay (1996) .
here S xy is the phenotypic covariance for the characters x and y and S x and S y are the standard deviations for the traits x and y, respectively.
Principal Component Analysis
Principal components analysis is a multivariate method for data reduction which is able to remove interrelationships among components and is useful in grouping genotypes. Data for each family and moisture environment were averaged across the replications and years and then used for principal component analysis (PCA). The data were analyzed by Statgraphics statistical software (Statgraphics, 2007) and were drawn by SigmaPlot 12.5.
The lowest narrow sense heritability (h were obtained for FD (0.95) and PH (0.92). Among the physiological traits, RWC had the highest heritability (0.83). Dry matter yield (11-14%) and PD (11.2%) had high values of genetic gain from selection (ΔG) ( Table 5 ). Comparing the yield at the four cuts, DMY at cut 1 had the highest ΔG (Table 5 ). The lowest value of ΔG was observed for LSR (2.0) and CC (2.4) ( Table 5 ). The greatest expected genetic gains were found for APX (22.11%), ProC (18.6%), and CAT (17.34%).
A broad range of general combining ability (GCA) was observed for most of the traits evaluated (Tables 6  and 7 ). The highest and lowest GCA for PH, PD, DMY, and RWC was observed for family16 and 4, respectively. Family 23 had the maximum GCA for FD. The highest GCA for LSR was observed for family 4 and the lowest one belonged to family 21. The highest GCA for chl a+b, CC, ProC, CAT, and APX were observed for families 13, 4, 10, 14, and 16, respectively (Tables 6 and 7) .
Comparison of Polycross and open-Pollinated Families
Significant differences were observed between polycrossand open-pollinated families for all traits expect NFS, chlorophyll a content (Chl a), and total chlorophyll content (Chl a+b) (Tables 2 and 3 ). The averages of measured traits in open-pollinated families were higher than the ones in polycross families except for IL, LSR, CC, ProC, CAT, and APX. Open-pollinated families showed the highest amount of FD, PH, PD, DMY, and RWC under both
RESUlTS
Analysis of variance and Effects of Water deficit
Effects of moisture environment, year, and HS family were significant for most of the measured traits at p< 0.01 (Tables 2 and 3 ). Values were higher in the second year when compared with the first year measurements (Table 4) . There was significant difference between the two moisture environments for all of the measured traits and the interactions of family × moisture environment were significant (Tables 2 and 3 ). With the exception of carotenoid content (CC), free proline content (ProC), CAT, and APX, all the other traits at the nonstressed moisture environment had higher values than water-deficit environment (Tables 4).It was observed that water deficit reduced DMY in all four cuts. When compared with nonstressed condition, average reduction in DMY under water deficit was 45.96, 52.32, 47.55, and 53.12% for cut one through four, respectively. However, the increases in CC, ProC, CAT, and APX at water-deficit condition were 23.90, 65.40, 74.38, and 52.75%, respectively as compared with the nonstressed condition. Water deficit decreased FD when compared with nonstressed condition (almost 17%).
Genetic Coefficient of variation, Heritability, and General Combining Ability
Estimates of genetic coefficient of variation, heritability, and genetic gain from selection are presented in Table 5 . The GCV varied from 4.5 for LSR to 36.5 for APX. For most of the measured traits, the estimates of family variance composed the highest part of phenotypic variances. moisture environments, although they were more sensitive to powdery mildew than polycross families. Heritability estimates were higher in polycross families for most of the agromorphological traits, including FD, PH, PD, SDM, and DMY (Table 5) . Open-pollinated families had slightly higher heritability values for physiological traits when compared withpolycross families (Table 5) .
Principal Component Analysis and Relationship between Traits
In both moisture environments, principal component analysis was done on the basis of the agronomic and physiological traits averaged for 2 yr ( Fig. 1-3 ). The vectors in the diagram ( Fig. 1 and 2) show different traits, including FD, PH, PD, LSR, DMY (means of four cuts), chlorophyll a+b, Significant at the 0.05 probability level.
** Significant at the 0.01 probability level. † e, moisture environment; F, half-sib families; OP, open-pollinated families; P, polycross families; R, replication; Y, year. ‡ APX, specific ascorbate peroxidase activity; cAT, specific catalase activity; cc, carotenoid content; chl a, chlorophyll a content; chl a + b, total chlorophyll content;Proc, free proline content; RWc, relative water content. carotenoid content, ProC, RWC, CAT, and APX activity. The first two components justified 39.32 and 27.07% of total variance at nonstressed environment and 47.62 and 19.02% at water-deficit environment, respectively. Principal component analysis showed that the first principal component (PC1) was related to PD and DMY. The second principal component (PC2) had positive correlation with PH and RWC and negative correlation with ProC, CAT, and APX activity ( Fig. 1 and 2 ). In addition, the first three principal components justified 48.53, 20.47, and 15.77% of total variance at both moisture environments (Fig. 3) . The three-dimensional plot of PCA clustered polycross and open-pollinated families in two distinct groups. Correlation coefficients were calculated separately in two moisture environments on the basis of the means of 2-yr data (data not shown). The DMY at four cuts were positively and significantly associated with PH and PD in both moisture environments. Also, RWC was positively correlated with PH and PD at both moisture environments but this correlation was stronger under water deficit environment.
dISCUSSIoN
In breeding programs, genetic improvement of genotypes depends on the availability of genetic variations (Tabassum et al., 2007) . In this study, the high variation between HS families observed for most of the traits suggests a high ), phenotypic and genotypic coefficient of variation (PCV and GCV), and genetic gain from selection (ΔG) in different traits for 30 half-sib (HS) families of sainfoin evaluated at two moisture environments and 2 yr. APX, specific ascorbate peroxidase activity; cAT, specific catalase activity; cc, carotenoid content; chl a, chlorophyll a content; chl b, chlorophyll b content; chl a + b, total chlorophyll content; DMY 1, 2, 3, and 4, dry matter yield at cut 1, 2, 3, and 4; FD, flowering date; LSR, leaf to stem ratio; PD, plant density; PH, plant height; Proc, free proline content; RWc, relative water content; SPM, sensitivity to powdery mildew.
potential for genetic gains of these traits. The family variance and family × environment interaction variances in HS families express additive genetic variance and additive genetic interaction variances (Nguyen and Sleper, 1983a) . In this study, variations among HS families and their interactions with moisture environments and year were significant for the measured traits. Since the genetic variance among HS families is related to additive genetic variance (Nguyen and Sleper, 1983a) , significant variation among HS families for most of the traits indicated that mainly additive genetic variance controls these traits. General combining ability is the capacity of an individual to transmit superior performance to its offspring. Estimates of GCA from progeny test would be effective in selecting superior parents. The majority of the traits measured showed a broad range of GCA. Similar results were observed in forage plants by Araghi et al. (2014) and De Araujo et al. (2002) . Since the highest GCA for PH, PD, DMY, RWC, and APX was observed for family 16, this family could be used as a superior family in breeding programs. The highest and lowest GCA for LSR was observed for family 4 and 21, respectively. High LSR is usually related to forage quality, indicating higher palatability of leaves; therefore, family 4 could be recommended as a preferable family in terms of forage quality. The forage yield from the first to fourth cut was decreased, which is in agreement with the Demdoum et al. (2010) report suggesting that the first and second cuts composed 70% of annual dry matter yield in sainfoin. High GCV for a trait usually indicate possibility of improvement through selective breeding. The smaller difference between phenotypic coefficient of variation (PCV) and GCV shows smaller effect of environment. In this study, the smallest differences between these two coefficients were observed for FD, PH, Chl a, Chl a+b, and RWC, indicating more gain will result by selecting for these traits. Majidi et al. (2009) reported that in tall fescue (Festuca arundinacea Schreb.), the difference between phenotypic and genotypic coefficient of variation was smaller for phenological traits than forage yield and its components. Proline content, APX, and CAT had the highest genotypic variation, while the lowest one was observed for LSR and CC. High variation for forage yield (almost 20%) showed that selection for this trait could be effective. Considerable variation for forage yield has been reported in other species (Aastiveit and Aastiveit, 1990; De-Araujo et al., 2002; Kanapeckas et al., 2005; Majidi et al., 2009 ). Estimation of heritability and gene action of different traits is important for developing new varieties (Bowley and Christie, 1981) . Successfully identifying parents that will combine well and produce productive progenies mainly depends on the gene action that controls the trait (Tabassum et al., 2007) . All HS families studied here had moderate to high heritability for most of the measured traits, showing that a large part of the total genetic variation was additive and these traits could be improved by recurrent or mass selection. The estimates of heritability for DMY in the present study were moderately high (about 0.6), which is almost in agreement with those previously reported in forage plants ( They reported that narrow-sense heritability for DMY at cut 2 (0.89) was higher than cuts 3 and 4 (0.59 and 0.53, respectively) and suggested that selection at earlier forage harvests in the growing season might be more efficient than later harvests. This is in agreement with our findings, as the first forage cut had the highest ΔG. Monirifar (2011) in alfalfa reported that the narrow sense heritability values for fresh matter yield, DMY, and PH were about 0.60, 0.59, and 0.5, respectively. In this study, plant height had high heritability. Many studies have shown that a large part of the genetic variance for PH and IL in different forage grasses are under additive genetic control (Araghi et al., 2014; De Araujo et al., 2002; Ebrahimiyan et al., 2012; Majidi et al., 2009) . Since these traits (IL and PH) in forage plants have moderate to high heritability, selection would be effective for them. In this study, the lowest heritability was observed for LSR, which is in agreement with the Ebrahimiyan et al. (2012) findings in tall fescue. Other researchers have reported a range of low to high heritability for LSR in different plant species (Brandle and Rosa, 1992; Singh et al., 2013) .
Heritability estimates are probably most useful when used to predict ΔG. Viana et al. (2009) showed that narrow sense heritability is a less biased estimator of genetic gain than the estimator based on broad sense heritability. Also, they mentioned that the predictions based on mass and family selection were suitable for comparing selection strategies, whereas predictions based on selection within progenies showed the largest bias and lower association with the realized gain. Plant density (11.2%) and DMY at cut 1 (14.1%) had the highest ΔG values and LSR (2.0%) had the lowest ΔG. Nguyen and Sleper (1983b) reported that predicted genetic gains per cycle of phenotypic family selection in tall fescue were 33, 45, 27, and 34% of the population means for maturity score, number of panicles, panicle length, and seed yield, respectively. Results of correlation coefficients revealed that DMY were positively and significantly associated with PH and PD under both water-deficit and nonstressed environments. Therefore, indirect selection for PH and PD could be effective for improving forage yield. Turk and Celik (2006) reported significant and positive correlations among DMY, number of stems, and PH in sainfoin. Also, Majidi et al. (2009) and Figure 2 . Distribution of the first two principal components (Pc) of agronomic and physiological traits in 30 HS families of sainfoin under water stress.FD, flowering date; PH, plant height; PD, plant density; LSR, leaf to stem ratio; DMY, dry matter yield; chl, total chlorophyll content; cc, carotenoid content; Proc, free proline content; RWc, relative water content; cAT, specific catalase activity; APX, specific ascorbate peroxidase activity. Figure 1 . Distribution of the first two principal components (Pc) of agronomic and physiological traits in 30 HS families of sainfoin under nonstressed environment.FD, flowering date; PH, plant height; PD, plant density; LSR, leaf to stem ratio; DMY, dry matter yield; chl, total chlorophyll content; cc, carotenoid content; Proc, free proline content; RWc, relative water content; cAT, specific catalase activity; APX, specific ascorbate peroxidase activity. Amini et al. (2013) in tall fescue and Wilkins (1985) in perennial ryegrass (Lolium perenne L.) observed significant correlation between plant DMY and PH. Therefore, PH and PD (number of stems per m 2 ) are important traits to indirectly improve the forage yield of sainfoin.
Half-sib families, generated through polycross and open pollination, are frequently used in forage plants breeding to estimate narrow-sense heritability and additive genetic variance (Nguyen and Sleper, 1983a) . In this experiment, open-pollinated families at both moisture environments showed a higher mean of FD, PH, PD, DMY, and RWC compared with polycross families. Polycross families showed a higher mean of antioxidant activity than open-pollinated families at both moisture environments. Milic et al. (2010) reported that there were significant differences among progeny tests (polycross, open pollination, and selfing) for many traits and openpollinated progenies had a higher green forage yield and number of shoots per plant than progenies from selfing. In this study there were significant differences between polycross and open-pollinated families for most of the measured traits. The additive genetic variance is confounded with dominance genetic variance in full-sibs or S l progenies; therefore, heritability could be overestimated. But HS families enable more precise estimates of additive genetic variance (Falconer and Mackay, 1996) . Despite its importance, little is known about gene action of different traits in polycross and open-pollinated families of forage plants. Also, the comparison between polycross and openpollinated families in terms of heritability and genetic gain is extremely limited in the literature. Estimation of heritability and genetic gain from selection in polycross families were higher than open-pollinated families for most traits. Millic (2010) showed that open-pollination and self-pollination progeny tests are effective tools for evaluating alfalfa parents for dry matter yield and crude protein content, respectively. De Araujo et al. (2002) reported that differences in dry matter yield between the parental populations and progenies obtained by different pollination methods (polycross, open pollination, and selfing) were significant. Also, they reported that open-pollinated progeny test is the best method of choice for selecting parents for synthetics of meadow bromegrass. Study of traits related to drought-resistance and drought-tolerance mechanism is an important objective in forage plants breeding. The most reliable way of finding drought-tolerant genotypes would be field trials. In this study, water deficiency had significant effects on sainfoin's growth. Drought stress caused significant decline in most measured traits except for CC, ProC, CAT, and APX. Other researchers have shown that water deficit decreased plant growth, PH, stem density, and photosynthesis in alfalfa (Antolin and Sanchez-Diaz, 1993; Brown and Tanner, 1983) . Flowering date decreased under water deficit, indicating that perennial plants could also escape drought by earlier maturity, similar to annual plants. Although several reports have shown an increased LSR due to water deficit (Carter and Sheaffer, 1983; Halim et al., 1989) , our results explained a reduced LSR of stressed plants due to a reduction in plant density. The differences between our results and results reported by other researchers may be due to the fact that plants in our experiment were subjected to a more severe water deficit. When compared with the control, it was evident that water deficit resulted in a decrease in chlorophyll and RWC and an increase in CC, ProC, CAT, and APX activity. Under water deficit, increased proline content in forage plants and other species have been reported and may play a role in maintaining osmotic turger, fixing membranes and thereby preventing electrolyte leakage and bringing concentrations of reactive oxygen species within normal ranges (Hayat et al., 2012; Keyvan, 2010; Xu et al., 2010) . Bukvic et al. (2008) reported that concentration of proline in red clover leaves was in significant correlation with both fresh and dry matter yield per plant. Many studies have shown that antioxidant activity is correlated with plant tolerance to abiotic stresses (reviewed in Miller et al.,2010 and Xu et al., 2010) . In this study, water deficit caused a 74% increase in CAT activity when compared with the control plants. It is believed that tolerant plants have better capacity to protect themselves from water stress via the enhancement of antioxidant activity (Xu et al., 2010) . Our data showed that three HS families, including 14, 15, and 16, had higher antioxidant activity. The tolerance of plants to water-deficient environment is a complicated phenomenon that involves different morphological, physiological, and biochemical mechanisms. But from a breeding point of view, it is important to select plants that perform better under drought and produce a reasonable yield. According to our study, families 16 and 27 manifested the best agronomic, morphological, and physiological traits of adaptation to water deficit.
In this study, PCA showed two factors which explained 66.4 and 66.6% of the total variability in nonstressed and water-deficit environments, respectively. These factors could be selected on to improve sainfoin in nonstressed and stress conditions accordingly. The first factor was considered as 'potential of yield,' which emphasized forage yield and yield-related traits (such as PD). The second factor had positive correlation with PH and RWC and negative correlation with ProC, CAT, and APX activity and could be considered as the 'potential of physiological traits.' Selection of genotypes with high PC1 would increase forage yield in both moisture environments. This would be more effective than selection only based on forage yield and each factor could be used as a selection index. Also, PCA showed that 84.69% of the total variation can be determined by the first three PC under both moisture environments. Selection of genotypes that have high PC1 and moderate PC2 are suitable for both environments. Therefore, open-pollinated families 21, 23, 27, 17, and 19 are the superior families in this respect. Also, polycross family 16 is the preferable family with high PC1 and PC2 under water-deficit condition. Thomas et al. (1995) characterized accessions of meadow fescue from seven different geographical regions under water stress based on biplot analysis. Since families scattered around the vectors in the biplot diagram, distinct groups of genotypes could be identified. As a result, we could separate polycross and open-pollinated families based on the PCA. In conclusion, moderate to high heritability for most of the agronomic, morphological and physiological traits obtained in this study indicates that recurrent selection would be useful to improve these traits in sainfoin. Also, high variability (PCV and GCV) and moderate heritability, along with high genetic gain, was observed for DMY at first cut. Results showed that selection for forage yield will be more effective in first cut than the later ones in the growing season. Also, indirect selection for forage production would be possible through some correlated morphological traits, such as PH and PD. In addition, our results revealed that water deficiency reduced PH, PD, DMY, Chl a, and RWC and increased CC, ProC, and antioxidant activity (CAT and APX) in sainfoin. Open-pollinated families showed a higher mean for most traits in both environments, while polycross families revealed higher heritability and genetic gain from selection, indicating selection would be more effective in polycross families.
